The Application of Membrane Contactors for Ammonia Recovery from Pig Slurry  by Zarebska, A. et al.
 Procedia Engineering  44 ( 2012 )  1642 – 1645 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.895 
(XURPHPEUDQH&RQIHUHQFH
>3@
7KHDSSOLFDWLRQRIPHPEUDQHFRQWDFWRUVIRUDPPRQLDUHFRYHU\IURPSLJVOXUU\
$=DUHEVND.9LOO\&KULVWHQVHQ%1RUGGDKO
8QLYHUVLW\RI6RXWKHUQ'HQPDUN'HQPDUN
,QWURGXFWLRQ
/LYHVWRFN PDQXUH FRQWDLQV VXIILFLHQW DPRXQW RI QLWURJHQ SKRVSKRUXV SRWDVVLXP DQG RWKHU
LPSRUWDQWQXWULHQWV IRUSODQWJURZWK DQGFURS \LHOG WKDW DSSURSULDWHO\PDQDJHGFRXOG UHSODFH
VLJQLILFDQWDPRXQWRIPLQHUDOIHUWLOL]HUV+RZHYHUDQLQFUHDVHGOLYHVWRFNSRSXODWLRQFHQWHUHG
RQ UHODWLYHO\ VPDOO ODQG SRVHV D JUHDW ULVN RI QXWULHQWV VXUSOXV UHOHDVH WR WKH HQYLURQPHQW
OHDGLQJ WRSROOXWLRQRIZDWHUVWUHDPVDQGDLU 6ROLG OLTXLGVHSDUDWLRQRIDQLPDOZDVWHV LVD
WHFKQLTXH WR DYRLG H[FHVV ORDG RI QXWULHQWV E\ HQDEOLQJ EHWWHU GLVWULEXWLRQ DQG WR PLWLJDWH
HQYLURQPHQWDO LPSDFW LQ UHJLRQVRI FRQFHQWUDWHGDQLPDOSURGXFWLRQ 6HSDUDWLRQRIPDQXUH
SURGXFHVDOLTXLGIUDFWLRQFRQWDLQLQJPLQHUDOQLWURJHQ1DQGSRWDVVLXPDQGDVROLGGU\PDWWHU
IUDFWLRQ FRQWDLQLQJPDLQO\ RUJDQLF PDWWHU DQG SKRVSKRUXV  7KH OLTXLG IUDFWLRQ KDV D KLJK
ZDWHUFRQWHQWDQGORZQXWULHQWFRQFHQWUDWLRQWKXVIXUWKHUFRQFHQWUDWLRQLVUHTXLUHGWRGHFUHDVH
OLTXLG YROXPH DQG FRQFHQWUDWH QLWURJHQ DQG SRWDVVLXP LQWR HDVLO\ WUDQVSRUWDEOH DQG XVDEOH
SURGXFWVZKLFKFDQEHPDUNHWHGZLWKVRPHSURILWV/LTXLGOLTXLGPHPEUDQHFRQWDFWRUV0&
KDYHEHHQDSSOLHGVXFFHVVIXOO\IRUUHPRYLQJYRODWLOHDPPRQLDIURPZDWHUDQGZDVWHZDWHURUDV
D SRVW WUHDWPHQW RI ELRJDV SODQW HIIOXHQWV DQG SUHVHQW D SRVVLEOH WHFKQRORJ\ IRU DPPRQLD
IHUWLOL]HUSURGXFWLRQ 7KLVVWXG\HYDOXDWHV WKH IHDVLELOLW\RI0&DWGLIIHUHQW WHPSHUDWXUHV
&DQG&DQGIHHGIORZUDWHVOPLQDQGOPLQXVLQJHIIOXHQWVIURPWKUHHGLIIHUHQW
W\SHV RI VHSDUDWLRQ XQLWV GHFDQWHU FHQWULIXJH VFUHZ SUHVV $/ V\VWHP IORFFXODWLRQ ZLWK
JUDYLW\EHOWILOWHUIROORZHGE\VFUHZSUHVV

0DWHULDOVDQG0HWKRGV
7KHH[SHULPHQWDO VHWXS LV VKRZQVFKHPDWLFDOO\ LQ)LJ7KHPHPEUDQHXVHGZDVD WXEXODU
SRO\SURS\OHQH PHPEUDQH ZLWK DQ DYHUDJH SRUH VL]H RI  ȝP SRURVLW\  DQG DQ LQQHU
GLDPHWHUPP0LFURG\Q0'7317KHIHHGZDVVXSSOLHGWRWKHOXPHQVLGHDQGWKH
VWULS VROXWLRQ WR WKH VKHOO VLGH 7KH VWUHDPV IORZHG FRXQWHU FXUUHQWO\ WKURXJK WKHPRGXOH 7R
DYRLGODUJHUSDUWLFOHVEORFNLQJWKHPHPEUDQHWXEHVWKHIHHGZDVILUVWVLHYHGWKURXJKDQDO\WLFDO
VLHYHV ZLWK SRUH VL]H PP DQG PP 7R HQVXUH D ODUJH TXDQWLW\ RI IUHH 1+ WKLV
ILOWUDWHGVOXUU\ZDVDGGHGD01D2+DTXHRXVVROXWLRQWRLQFUHDVHWKHS+WR$VVWULSSLQJ
VROXWLRQ0+62ZDVXVHG7KHDPPRQLDFRQFHQWUDWLRQRQWKHIHHGVLGHZDVPHDVXUHG
XVLQJ D VWDQGDUG .MHOGDKO GLVWLOODWLRQ XQLW DQG EDFN WLWUDWLRQ 2Q DQ DFLG VLGH DPPRQLD ZDV
GHWHUPLQHGE\'U/DQJHDPPRQLXPNLWVDQGDGLJLWDOVSHFWURSKRWRPHWHU


Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
1643 A. Zarebska et al. /  Procedia Engineering  44 ( 2012 )  1642 – 1645 

)LJ6FKHPHRIWKH0&H[SHULPHQWDOVHWXSIHHGUHVHUYRLUDFLGUHVHUYRLUEDODQFHV
PHPEUDQHSXPSFHQWULIXJDOSXPS ,)&.URKQH0DJIORZPHWHU3ODWRQ%REELQ
IORZPHWHU  ZD\ YDOYH  KHDW H[FKDQJHU  SUHVVXUH JDXJH  WKHUPRPHWHU  33
PHPEUDQH330'7310LFURG\Q1DGLU*PEK*HUPDQ\
5HVXOWVDQGGLVFXVVLRQ
$PDVVEDODQFHRYHUWKH0&VHWXS\LHOGV

 HT
ZKHUH$PLVDPHPEUDQHDUHDDQG9IHHGYROXPH.PLVWKHRYHUDOOPDVVWUDQVIHUFRHIILFLHQWRI
DPPRQLD WLPHV WKH +HQU\¶V ODZ FRQVWDQW IRU IUHH DPPRQLD LQ WKH VROXWLRQ & DQG &W LV WKH
DPPRQLDFRQFHQWUDWLRQLQWKHIHHGDWWLPHDQGWUHVSHFWLYHO\

$SORWRI YVWLPHWWKXVVKRXOG\LHOGDVWUDLJKWOLQHZLWKWKHVORSHHTXDOWRWKHRYHUDOO.P
DVZDVREVHUYHGLQWKLVVWXG\
)RU DPPRQLD VWULSSLQJ WR ZRUN DOO WKH DPPRQLXPQLWURJHQ KDV WR EH SUHVHQW LQ LWV YRODWLOH
DPPRQLDIRUP+LJKS+DQGWHPSHUDWXUH LQFUHDVHWKHIUHHDPPRQLDFRQWHQWDQGHQVXUHKLJK
UHPRYDO HIILFLHQFLHV 7KHUHIRUH DOO H[SHULPHQWV ZHUH SHUIRUPHG DW S+  7KH HIIHFW RI
WHPSHUDWXUH RQ WKH PDVV WUDQVIHU RI DPPRQLD KDV EHHQ LQYHVWLJDWHG $V ZDV UHSRUWHG IRU
GLJHVWHGPDQXUHSUHWUHDWHGZLWKXOWUDILOWUDWLRQE\GX3UHH]HWDO  WHPSHUDWXUHKDVDPRUH
SURQRXQFHGHIIHFWRQPDVVWUDQVIHURIDPPRQLDDWS+KLJKHUWKDQGXHWRDVKDUSLQFUHDVHLQ
IUHH DPPRQLD WKXV LQFUHDVLQJ WKH YRODWLOLW\ RI DPPRQLD )URP 7DEOH  LW LV FOHDU WKDW E\
LQFUHDVLQJ WKH WHPSHUDWXUH IURP  & WR  & DQ LQFUHDVH RI .P FORVH WR D IDFWRU RI  LV
REVHUYHGZLWKQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHGLIIHUHQWPDQXUHHIIOXHQWV7KHLQIOXHQFHRI
WHPSHUDWXUHLVLQDJUHHPHQWZLWK3UHH]HWDOZKRUHSRUWHGNP[PKDW&DQG
NP [PKDW  &+RZHYHU WKRVHYDOXHV DUH WZLFHDVKLJKDV WKRVH IRXQG LQ WKLV
VWXG\ $KQ HW DO UHSRUWHG WKDW VXVSHQGHG VROLGV FRQWHQW KDV DQ LQKLELWRU\ HIIHFW RQ PDVV
WUDQVIHULQ0&DPPRQLDVWULSSLQJ7KHPDQXUHXVHGLQWKLVVWXG\YDULHVLQGU\PDWWHUFRQWHQW
7DEOHEXWKDVVLPLODUSDUWLFOHVL]HGLVWULEXWLRQGXH WRSULRUVLHYLQJ%DVHGRQ WKHREWDLQHG
UHVXOWV LW VHHPV WKDW SDUWLFOH VL]H GLVWULEXWLRQ KDV ODUJHU LQIOXHQFHRQ DPPRQLDPDVV WUDQVIHU
WKDQ GRHV VXVSHQGHG VROLGV FRQWHQW ,Q DJUHHPHQW ZLWK 6HPPHQV HW DO  WKLV VWXG\ DOVR
IRXQGWKDWGRXEOLQJWKHIORZUDWHRIIHHGVROXWLRQIURPOPLQWROPLQKDGQHJOLJLEOHHIIHFWRQ
WKHPDVVWUDQVIHUIRUDOOVHSDUDWHGPDQXUH

1644   A. Zarebska et al. /  Procedia Engineering  44 ( 2012 )  1642 – 1645 
7DEOH(IIHFWRIWHPSHUDWXUHDQGIHHGIORZUDWHRQRYHUDOOPDVVWUDQVIHURIDPPRQLD


&RQFOXVLRQV
7KH IROORZLQJ
FRQFOXVLRQV
FDQEHGUDZQ
IURP WKH
UHVXOWV RI WKH
H[SHULPHQWV
LQWKLVVWXG\
 ,QFUHDVLQJ
WHPSHUDWXUHIURP&WR&GRXEOHGRYHUDOOPDVVWUDQVIHURIDPPRQLD
,QFUHDVLQJIHHGIORZUDWHKDGQHJOLJLEOHHIIHFWRQRYHUDOOPDVVWUDQVIHURIDPPRQLD
 1R VLJQLILFDQFH GLIIHUHQFH ZDV IRXQG EHWZHHQ PDQXUH HIIOXHQWV ZLWK GLIIHUHQW GU\ PDWWHU
FRQWHQW EXW VLPLODU SDUWLFOH VL]H GLVWULEXWLRQPHDQLQJ WKDW SUHSURFHVVLQJ RIPDQXUH KDV OLWWOH
LQIOXHQFHRQRYHUDOOPDVVWUDQVIHURIDPPRQLD


5HIHUHQFHV

  %RXZPDQ$)%HXVHQ$+:%LOOHQ*+XPDQDOWHUDWLRQRI WKHJOREDOQLWURJHQ
DQGSKRVSKRUXVVRLOEDODQFHVIRUWKHSHULRG*OREDO%LRJHRFKHPLFDO
&\FOHV
  %XUWRQ &+ 7XUQHU &  0DQXUH PDQDJHPHQW 7UHDWPHQW VWUDWHJLHV IRU VXVWDLQDEOH
DJULFXOWXUHQGHG6LOVRH5HVHDUFK,QVWLWXWH%HGIRUG
  6¡UHQVHQ37KRPVHQ ,.6HSDUDWLRQRISLJVOXUU\DQGSODQWXWLOL]DWLRQDQG ORVVRI
QLWURJHQODEHOHG VOXUU\ QLWURJHQ 6RLO 6FLHQFH 6RFLHW\ RI $PHULFD -RXUQDO

  -¡UJHQVHQ . -HQVHQ / 6 &KHPLFDO DQG ELRFKHPLFDO YDULDWLRQ LQ DQLPDO PDQXUH
VROLGV VHSDUDWHG XVLQJ GLIIHUHQW FRPPHUFLDO VHSDUDWLRQ WHFKQRORJLHV
%LRUHVRXUFH7HFKQRORJ\
  GX 3UHH] - 1RUGGDKO % &KULVWHQVHQ . 7KH %,25(.5 FRQFHSW D K\EULG
PHPEUDQH ELRUHDFWRU FRQFHSW IRU YHU\ VWURQJZDVWHZDWHU'HVDOLQDWLRQ

  6HPPHQV0 - )RVWHU '0 &XVVOHU ( / $PPRQLD5HPRYDO IURP:DWHU8VLQJ
0LFURSRURXV+ROORZ)LEHUV-RXUQDORI0HPEUDQH6FLHQFH

  $KQ < 7 +ZDQJ < + 6KLQ + 6 $SSOLFDWLRQ RI 37)(PHPEUDQH IRU DPPRQLD
UHPRYDO LQ D PHPEUDQH FRQWDFWRU:DWHU 6FLHQFH DQG 7HFKQRORJ\  

.H\ZRUGVPHPEUDQHFRQWDFWRUVDPPRQLDSLJPDQXUHIHUWLOL]HUVSURGXFWLRQ
.P>PK@[
8QLWVHSDUDWLRQ '0 3DUWLFOHVL]H  OPLQ 
&
 OPLQ 
&
 OPLQ 
&
'HFDQWHU
FHQWULIXJH
 
P
  
6FUHZSUHVV 


P
  
$/V\VWHP 


P
  
1645 A. Zarebska et al. /  Procedia Engineering  44 ( 2012 )  1642 – 1645 


